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Abstract

We document that the past three “jobless” recoveries also featured asymmetries in
labor force participation and labor compensation, with each falling to new lows during
each cycle. We model these asymmetries as resulting from a strategic complementarity
in firms’ wage setting and workers’ job search strategies. Strategic complementarity re-
sults in a continuum of possible equilibria with higher-wage equilibria welfare dominat-
ing lower-wage equilibria. Assuming that no economic agent deviates from an existing
strategy unless deviation is a unilateral best response, the model exhibits (1) periods
of endogenous rigidity in wages and participation, (2) persistent changes in wages,
participation, and output in response to transitory movements in labor productivity,
(3) sluggish recoveries including both a “jobless” phase, in which productivity recovers
while unemployment remains elevated, and a “wageless” phase, in which employment
recovers but wages remain depressed. Calibrating the model suggests that the U.S.
unemployment rate may need to fall to around 3 percent before labor compensation
recovers to pre-Financial Crisis levels.
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1 Introduction

It is well documented that the three most recent U.S. recessions were followed by “jobless”
recoverees: i.e., measures of productivity recovered more rapidly than unemployment fell.
We document that these three episodes also exhibit asymmetries in the behavior of labor
force participation and labor share. In order to address these stylized facts we build a labor
market model in which a strategic complementarity between participation and wage setting
creates asymmetries in unemployment, participation, and compensation around productivity
shocks. These asymmetries can bleed into medium run trends and generate hysteresis. A
calibration of the model suggests that unemployment rates for prime-age workers below 3
percent would pertain when wages and participation recover to rates implied by pre-financial
crisis trends.!

We model cyclical asymmetry and hysteresis as resulting endogenously from a strategic
complementarity.? Firms’ expectations regarding workers’ labor force participation inform
their wage setting strategy, while workers’ expectations regarding wages inform their partic-
ipation strategy. The strategic complementarity can be understood in a stylized two-player
representation of the labor market. One worker and one firm can match and produce. The
worker has an outside option with a value unknown to the firm but drawn from a known
distribution and chooses a search strategy based on her beliefs about the wage to be offered
by the firm. In particular, the worker may decide not to participate and drop out of the
game before matching if her expectation for the wage offer is below her reservation wage.

Meanwhile, the firm possesses a linear production technology and chooses and commits to
a posted wage offer. In posting a take-it-or-leave-it offer, the firm exerts monopsony power.
As such, the firm takes into account that a higher wage makes hiring more likely but lowers
the profit from production. The firm’s choice depends on the distribution of the worker’s
possible outside options and on the worker’s participation behavior, which in turn depends
on the wage expected by the worker. As a result of the worker’s participation strategy,
the labor supply curve that the firm expects to face is kinked: the marginal reduction
in the probability of hiring from reducing the wage offer below the level expected by the
worker discretely exceeds the marginal gain in the probability of hiring from increasing the
wage above the expected level, since the worker with higher values of leisure may not be
searching. Strategic complementarity results, since increasing the expected wage leads to
higher participation, and higher participation lowers the marginal cost of high wage offers.

Thus, many expected wage levels may be self-confirming.

'For reference, at the time of writing the unemployment rate for this population stood at 3.7 percent.
This is the lowest rate in the past 49 years.
2For the canonical treatment of hysteresis in the labor market see Blanchard and Summers (1986, 1987).



We show the existence of an interval of wage and participation pairs which constitute a
continuum of rational expectations equilibria. The lower boundary is pinned down as the
minimum participation threshold such that marginal cost of hiring when approaching the
kink in the labor supply curve (induced by the worker’s threshold) from below is equal to
the marginal revenue. Meanwhile, the upper bound is pinned down by the same calculation
taken from above the kink. These equilibria can be welfare ranked with higher-wage, higher-
participation equilibria dominating lower-wage, lower-participation equilibria.® Finally, the
highest wage-participation equilibrium coincides with the unconstrained monopsonistic so-
lution studied by Diamond (1971).

We consider the implications of multiplicity for asymmetry and persistence when the
model incorporates productivity shocks under the plausible assumption that no player devi-
ates from an existing wage and participation pair unless unilateral deviation is a best response
for at least one player. Real rigidity is then simply a corollary of the existence of a contin-
uous set of equilibria. Further, we show that whenever a productivity shock does induce a
unilateral deviation, one can trace out a sequence of simultaneous best responses—a Cournot
tatonnement—that converges to a unique equilibrium in the set of equilibria consistent with
the new productivity level.* Thus, equilibria are learnable in the sense that rational agents
could deduce the new equilibrium from knowledge of the shock and pre-shock equilibrium.”

The kink induced in the labor supply curve by the worker’s participation strategy results
in upward wage revisions that fall farther from the constrained efficient wage level than do
downward revisions. This disparity implies that transient productivity shocks lead to persis-
tent decreases in output, wages, and participation. Further, in order to recover a particular
pre-contraction wage and participation level, the subsequent expansion must overshoot the
pre-contraction productivity level. Thus, contractions induce hysteresis.

In order to provide microfoundations for the stylized two-player representation, we embed

3A side result of this observation is that a social planner can potentially “prime the pump” and induce
coordination on a welfare-dominant equilibrium, for example by an appropriately selected minimum wage.

4Specifically, our game shares in common many features of a supermodular game as detailed in Vives
(1990, 2005) and Cooper (1994). In particular, the game contains enough structure that a Cournot
tatonnement emanating from any point that lies on at least one player’s best response function will converge
to an equilibrium. Further, we will show that the best response of the worker is independent of aggregate
productivity shocks. Thus, after all shocks we achieve convergence.

5There are alternative approaches to the expectational element of games with strategic complementarities.
One can construct business cycles due to “animal spirits” in which players spontaneously coordinate expecta-
tions on higher or lower output equilibria (Cass and Shell, 1983). Alternatively, one can refine the equilibria
prediction via “global games” and can harness the strategic complementarity to induce amplification (Morris
and Shin, 2001). Also alternatively, one may optimistically suppose that agents always coordinate on the
highest equilibrium (Krugman, 1991). Since our aim is explicitly to generate asymmetry and hysteresis, we
eschew these approaches in favor of the plausible supposition that agents do not deviate from an existing
equilibrium unless unilateral deviation is the best response of some player.



the model in a labor market that features random search and we close our model with free
entry into vacancy creation and a constant returns to scale matching function.® This also
provides a mapping between wage, participation, and productivity level to the unemployment
rate. We show that when some workers with high flow values of leisure search for work (but
ultimately do not accept the equilibrium wage offer) the effect is congestion in the matching
function.” Further, changes in participation induced by shocks lead to changes in congestion,
since the set of workers whose value of leisure exceeds the equilibrium wage swells when shocks
induce negative wage revisions. Since wage revisions are persistent, the increased congestion
persists beyond the duration of the disturbance and can result in “jobless” recoveries.

As we have also already noted, recovery of the pre-contraction wage level requires that
productivity over-shoots the pre-shock level. Recovery of wages and participation also imply
resolution of the increase in congestion. Thus, unemployment must fall below pre-shock
levels before pre-shock wages are recovered, resulting also in “wageless” recoveries.

We calibrate the model to ascertain the degree to which the unemployment rate must
undershoot pre-Financial Crisis levels if wages and participation are to recover to pre-shock
levels. Our baseline calibration suggest that wage and participation should have been be
expected to recover to their pre-shock trends when unemployment fell below 4.8 percent;
however, acknowledging that this model-like others in the Diamond-Mortensen-Pissaredes
class—fails to generate sufficient amplification and implementing a back-of-the-envelope ad-

justment suggests that unemployment may need to fall below 3 percent.

Related Literature

Our model brings together two branches of the modern Keynesian literature. The first fol-
lows Keynes’ suggestion that economic fortunes might be governed by “animal spirits.” This
literature microfounds such economic fluctuations, at least in part, on strategic complemen-
tarity, multiplicity, and the potential for coordination on higher or lower output equilibria

either spontaneously or under the direction of a social planner. Canonical examples include

6The supposition of a frictional labor market endows the firm with market power in wage setting (monop-
sony) even for arbitrarily small market frictions (Diamond, 1971). Assuming massless agents and random
search renders each worker (resp. firm) unable to affect the average participation threshold (resp. wage)
through unilateral deviation. This supports modeling these aggregates as exogenous to each decision maker’s
problem even when expectations are informed by existing aggregate values as we shall consider. We close the
model with the typical free-entry condition into vacancy posting. This provides a map from wages and par-
ticipation levels to market tightness and unemployment rates. Free entry and the endogenously degenerate
wage distribution also support the assumption that players have no continuation values.

7On the other hand, as we show in the two-player representation, when a higher proportion of workers
with high flow value of leisure search the kink in the labor supply curve is less severe and recovery from
contractions is more symmetric.



Heller (1986); Kiyotaki (1988); and Diamond (1982).® Recently, Eeckhout and Lindenlaub
(2015) have brought these techniques to bear on the issue of jobless recoveries; however, their
paper is silent on the issue of wages. Our contribution also generates a degree of cyclical
wage rigidity and thus relates to a second branch of the modern Keynesian literature, which
seeks to harness real rigidities in order to amplify and propagate (nominal) disturbances.

Mechanically, our firm’s problem resembles the kinked demand curve theory of real price
rigidity. This theory originated in the Industrial Organization literature with Sweezy (1939)
and Hall and Hitch (1939) and has received attention in macroeconomics, due in large part to
Kimball (1995), in the context of goods market rigidities. The innovations contained in this
work are threefold. First, the empirically plausible size of real rigidities in the goods market
provide insufficient amplification and propagation to match business cycle facts (Ball and
Romer, 1990; Klenow and Willis, 2016). In contrast, plausible rigidities in the labor market
are large. By switching the focus from product demand curves to labor supply curves, we
open the possibility to harness the larger rigidity. Second, while the kinked demand curve
is heuristically appealing, it is difficult to build a consistent equilibrium microfoundation.
To these authors’” knowledge, no satisfactory equilibrium microfoundation has yet been pub-
lished.? Strategic labor force participation provides perhaps the first satisfactory equilibrium
microfoundation of a kink. Third, labor market rigidities are often modeled as resulting from
incentives for efficiency wage intended to deter “shirking” & la Shapiro and Stiglitz (1984)
and Yellen (1984); however, when the cost of job loss is increasing in the unemployment
rate, efficiency wages may substantially procyclical. In contrast, our theory offers a micro-
foundation for wage rigidity that is based in an observable, participation, and robust to such
criticism.

Although it is not a focus of our paper, endogenous wage stickiness due to our coordi-
nation failure also speaks to the Shimer (2005) puzzle: the observation that the Diamond-
Mortensen-Pissaredes (DMP) model of a frictional labor market fails to produce sufficiently
volatile unemployment. As such, it relates to a larger literature that seeks to induce am-
plification through wage rigidity, for example Hall (2005), Gertler and Trigari (2009), and
Kennan (2010). We differ from this literature in our focus of producing hysteresis as op-
posed to only amplification. A strict focus on amplification will typically yield rebounds of
the unemployment rate following severe shocks that are steeper than the contractions that
precede them. Consider a transient shock severe enough to yield a downward wage revision.

Since this new wage is sticky, the value of a vacancy after the shock has dissipated must

8See Cooper and John (1988) and Solow (1998) for discussions.
9The often cited work, Woglom (1982), does not formally model the consumers’ problem. Dupraz (2017)
provides the most complete microfouncation of kinked product demand of which these authors are aware.



Figure 1: Structural Breaks in Labor Force Participation and Labor Share
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Note: Labor force participation (blue) and labor share (red) both trend downward. Grey shaded regions
indicate NBER recession dates. Structural breaks following the 1990-1, 2001, and 2007-9 recessions
coincide for the two series. These recessions were also followed by jobless recoveries.

Source: U.S. Census Bureau; U.S. Bureau of Labor Statistics; authors’ calculations.

be larger than it was initially. This implies an greater abundance of vacancies and a lower
unemployment rate post-shock than pre-shock. Without cyclical variation in congestion, a
rigid wage theory therefore implies “job-full” recoveries. Instead, the data show slow recov-
eries of unemployment and outward shifts in the Beveridge curve. Our model can generate
both “jobless” recoveries, in which unemployment remains persistently high even after la-
bor productivity has recovered, and “wageless” recoveries, in which unemployment falls to

unprecedented lows before wages recover.

2 Cyclical Trends in Participation and Labor Share

In this section, we present evidence of the presence of structural changes in labor force
participation and compensation of employees over value added—labor share—at business cycle
frequencies.'’ In particular, we find that structural breaks in these series coincide following

each of the past three contractions, which were all typified by jobless recoverees. This main

10U.S. Census Bureau, Current Population Survey, http://www.census.gov/programs-surveys,/cps,/data-
detail.html and U.S. Bureau of Labor Statistics, Nonfarm Business Sector: Labor Share [PRS85006173],
retrieved from FRED, Federal Reserve Bank of St. Louis; https://fred.stlouisfed.org/series/PRS85006173.



result is illustrated in Figure 1.

To this end, we use Bai and Perron (1998, 2003) sequential tests that allow to find a
number of breaks as well as estimating the timing and the confidence intervals of these
breaks. Several statistics are useful in order to identify the break points: First, the sup
Fr(k) test, is a F-type test of the null of no structural break (m = 0) versus the alternative
of a fixed (k) number of breaks (m = k). Second, two maximum tests of the null hypothesis
of no structural break (m = 0) versus the alternative of an unknown number of breaks given
some upper bound M (1 < m < M), i.e., UDmax test, an equal weighted version, and
WDmax test, with weights that depend on the number of regressors and the significance
level of the test. Finally, the sup Fr(k + 1]k) sequential test of the null hypothesis of k
breaks versus the alternative of k + 1 breaks.

Table 1 displays the results of applying these formal structural stability tests, allowing
up to five breaks, to the labor force participation and the labor share. Both the UDmax
and WDmax tests are highly significant, which implies that at least one break is present in
both series. Next, all the sup F,(k) tests are significant, with k& running between 1 and 5
breaks, so that multiple breaks are present in both variables during our sample period. In
turn, the sup Fr(k + 1|k) test is not significant for any & > 5 in the case of the labor force
participation and for any k£ > 4 in the case of the labor share. Thus, these tests identify fiver
breaks for the latter variable and four for the former. Interestingly, as shown in Table 1,
the sequential tests identify that last three of these breaks occur at the same times in both
series: early-to-mid 90s, early-to-mid 2000s, and late 2000s.

The left panel of Figure 1 shows that since the early 60s, the prime-age male labor
force participation has exhibited a trend toward lower levels. As our statistical analysis
has identified, trend exhibits an asymmetric cyclical responses to positive (expansions) and
negative (recessions) shocks. Male nonparticipation in the labor force accelerates during
contractions and is not reversed during expansions to the pre-recessions levels.!! As shown
in the right panel of Figure 1, over the same horizon, labor’s share of income has been
declining. The trend exhibits sharp reversals during economic downturns; but, after each
recession, the labor share falls to a new low. Strikingly, in the past three jobless recoveries
the pattern in the labor share and labor force participation series is synchronized.

This evidence is consistent with employment and compensation showing important asym-
metries at business cycle frequencies and in the medium run. In particular, employment falls

quickly around the onset of a contraction and recovers more slowly, with the “jobless” recov-

HTn other words, while unemployment falls during expansions participation rates hardly recover. This
is true even when accounting for demographic trends as well as disability status that are independent of
cyclical variation.



Table 1: Bai-Perron (2003) tests of multiple structural changes.

Labor Force Participation Labor Share
UDipax 2105.8% W D\ppay 4621.0% UDipax 584.0% W Dypax 584.07
Break date & Fp(k) Fr(klk—1) Break date k& Fr(k) Fr(klk—1)
1971:1 1 672.8 -

1975:2 1 584.07 -

1981:3 2 7531.0* 189.5*

1992:4 3 1627.3" 487.3" 1992:4 2 436.6" 80.9*
2001:2 4 1829.4* 62.7* 2001:2 3 374.3" 24.0"
2009:4 5 2105.8* 0.00 2009:4 4 305.9* 0.74

Sample period 1960:1 to 2018:1 for both series. * denotes significance at the 5 percent level.
The critical values are taken from Bai and Perron (2003). The number of breaks corresponds
to the sequential F-Statistics at 5 percent level size for the sequential test sup Fr(k + 1|k).

eries following the 1991, 2001, and 2008 contractions being the most severe examples. Our
evidence also points that participation in the labor market contributes to this phenomenon.
In each contraction since 1975, participation falls and subsequently fails to recover to the
pre-contraction level: compensation of employees over value added spikes during contractions
but levels off below pre-contraction values during subsequent expansions. These “wageless”
recoveries that started in early 90s are most stark after 2000. The rapid fall in employ-
ment and spike of compensation over value added are indicative of sizeable wage rigidities.
Meanwhile, the persistent failure to recover pre-shock employment and rent sharing suggests
hysteresis: that is, long-lasting scarring such that contractions bleed into a medium-run

trend.

3 A Stylized Two-Player Game

In this section, we consider a stylized single-shot, one-worker, one-firm labor market and
show that there exist a continuum of rational expectations equilibria. Computing player’s
best response functions requires positing a fixed expectation for the firm’s posted wage on
the worker’s behalf and for the worker’s participation strategy on the firm’s behalf. We call
the worker’s expectation of the wage wy. We will see that we can summarize the worker’s
strategy as a participation threshold and we call the firm’s expectation of the threshold ry.
Thus, wy (resp. 7o) is the belief that the worker (resp. firm) holds about the firm’s (resp.

worker’s) wage offer (resp. threshold). Worker and firm maximize income and profit.



3.1 Worker

For the worker, the game proceeds in two stages. In the first stage, the worker draws a
value of leisure, b, from a known distribution, H(b), with density h(b), defined on [b,b].'
In the second stage, the worker may costlessly seck to contact the firm.'® If she does not
seek to contact the firm, we call this nonparticipation. If she does seek to contact the
firm, she has a (1 — u) probability of making contact and being made a wage offer. If the
worker accepts this wage offer we call her employed. If she rejects we call her voluntarily
unemployed. Finally, in the case that there is no contact between worker and firm we call
her involuntarily unemployed. We will see that the decision to participate will depend on
her expectation of the wage offer, wy.

As is typical for such problems, the worker’s strategy takes the form of threshold rules:
a reservation wage and a threshold for labor force participation. Since search is costless, the
reservation wage is equal to the value of leisure. Let VW (r,wy) be the expected payoff to a
worker of choosing threshold r» when the expected wage choice of the firm is wy.'* Observe

that there are two cases to characterize this value function:

e
—_——— r b
(1 — wwoH(r) +u / bh(b)db -+ / bh(b)db. i < 1w
VW(T, w(]) == b wo r r b
(1 — wywoH (wo) + u / bh(b)db + / bh(b)db -+ / bh(b)db. if r > wy
A ~~ - b wo Jr .

employment N v ~~ - ~~

-

involuntary voluntary pa rt?c(i)gz;tion
unemployment unemployment
dVW (r.wo

Differentiating, it follows that ) > 0 whenever r < wy. In this case, the worker can

dr
improve her payoff by increasing her participation threshold. That is, a low threshold causes

the worker not to seek work in some cases when there is a positive probability of receiving an

acceptable employment offer. One can also see that W = 0 whenever r > wy: in this

12WWe do not rule out b = —oc0 or b = .

13Under costless search, the reservation wage and threshold participation level coincide. We will see when
we turn to the firm’s problem that this coincidence is essential for multiplicity. Costly search results in a
unique equilibrium with less participation than the minimal participation consistent with the set of equilibria
we recover under costless search. Costly non-participation results in a unique equilibrium with participation
exceeding the maximal participation consistent with the set of equilibria we recover under costless search.
We note that evidence on job search behavior does not support substantial cost—see Mukoyama et al. (2018).

4Note, the worker knows her b before she chooses to participate or not. VW (r, wg) considers the payoff
to participation threshold r from her perspective before she learns b. However, There are no values of b
for which the ex-ante choice of r and the ex-post (after learning b) choice of r would differ. We write the
problem in this way simply because it is analytically convenient to optimize from the ex-ante perspective.



case the payoffs from increasing the participation threshold are nil. In the marginal case,
the worker obtains the same value—the value of leisure-in voluntary unemployment as she
does in nonparticipation.

In the region of indifference (r > wy) we posit a mixed strategy over the pure strategies

“voluntary unemployment” and “nonparticipate”:

Assumption 1. When the worker expects to be indifferent between voluntary unemployment
and nonparticipation, she randomises between the two states with probability ¢ placed on

voluntary unemployment.

Under Assumption 1, the workers best response, 7*(wy), is to set a threshold:
r*(wp) = wy, (1)

such that she participates with probability one if b < r*(wg) and with probability i < 1 if
b > r*(wp)."

Lemma 1. This game exhibits positive spillovers and strategic complementarities

for the worker.

Proof. An increase in the posted wage—which we will see is the strategy of the firm—increases
the payoff for the worker regardless of worker’s participation threshold strategy (positive
spillovers). Also, an increase in the posted wage—which we will see is the strategy of the
firm—increases the optimal participation threshold strategy of the worker (strategic comple-

mentarity).'" O

3.2 Firm

The firm posts a wage offer, w, ex-ante and may meet the worker with probability (1 — v).

If the firm successfully hires the worker, it will earn rent p — w, where p is the output of the

15Tt is also possible that the worker adopts a more complex randomization strategy. In particular, one
might posit that the weight placed on “voluntary unemployment” might depend on the realization of b.
However, any randomization such that the probability of nonparticipation exceeds zero as the realized value
of leisure approaches the expected wage level from above will produce a kink in the labor supply curve and
thus will yield qualitatively similar results regarding rigidity and propagation. Further, if i — 1 as b \, wq
then we have a “smoothed” kink, similar to Kimball (1995), and we will obtain results regarding prorogation.

16Formally, define positive spillovers for player j as the case in which an increase in the other player’s

, . : avWirw) _
strategy increases the payoff to player j (Cooper and John (1988)). Now simply note that ——; ==

(I —w)H(r) > 0if r < w and W = (1 —uw)H(w) + uwh(w) > 0 if r > w. Also, define strategic

complementarities for player j as the case when an increase in the other player’s strategy increases the
best response of player j (Cooper and John (1988)). This trivially follows from expression (1), that is

dr*(w) _
T —_— 1 > O.



match. If the firm and the worker do not meet or if the worker rejects the wage offer then
the payoff to the firm is zero.
Let VE(w,rg) be the payoff to the firm of posting wage w when the firm’s expectation

for the worker’s threshold for participation is rq. We can write the firm’s value function:

AW < g
VF(w r ) _ (1 - U) (p - U)) > H(ro)+i[1—H (ro)]
» 10 —— —— H (ro)+i[H(w)—H(ro)] S
match revenue H(ro)+i[1—H (ro)] =10
probability Cfgggslful _

~
hiring expected labor supply schedule

The first term, (1—wv), and the second term, (p—w), are the probability of meeting the worker
and the payoff from successfully hiring. The third term contains the core of the problem,
encoding the firm’s expectation of the labor supply schedule it faces. We can interpret the
probability that a wage offer of w will be accepted as the labor supply curve faced by the
firm. Notice that the participation threshold introduces a kink in the expected labor supply at
the expected threshold. To the left of the threshold, where w < 7y the expected probability
that the worker participates for draws of the value of leisure in this region is one. Thus,
posting a wage less than or equal to the expected labor force participation threshold results
in hiring a worker with probability m To the right of the threshold the expected
probability that the worker participates for draws of the value of leisure in this region is only

1 < 1. Thus posting a wage greater than the expected labor force participation threshold
H(ro)+i[H (w)—H (ro)]
H(ro)+i(1—H(rg))

The firm’s best response given a particular expectation for the worker’s strategy is to

results in hiring a worker with probability

post a wage that satisfies:

w*(rg) = arg max {VF(w,ro)}.

The problem takes the form of monopsony wage setting. The firm’s expectation over the
worker’s participation threshold introduces a kink in the expected labor supply schedule. As
a result the best response function—the optimal wage posting strategy of the firm—is defined
piecewise on intervals of the expectation for the worker’s participation threshold. Our task
is to determine these intervals and the optimal posted wage schedule within each of them.

We distinguish three cases in what follows.

Interior solution such that w < rq

Suppose that the firm expects that the participation threshold is high enough that it is
H(w)
H(T’o))—l—i(l—H(’rO

non-binding. In this case V' (w, o) simplifies to (1 —v)(p —w) 5 and the firm’s

best response satisfies:

10



Figure 2: Optimal Wage Choice at Interior Solutions.
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Note: The left panel illustrates an expected threshold such that the firm finds an unconstrained interior
solution. The right panel illustrates an expected threshold such that the firm finds a constrained
interior solution. The location of the kink in the expected labor supply curve depends on the firm’s
expectation for the worker’s participation threshold, ro. The angle of rotation and the associated jump
in the marginal cost curve depend on the probability that the worker searches when her value of leisure
exceeds this threshold, i. Fore ease of illustration we take H(b) to be uniformly distributed on [b, ].

w® = arglrunax {H(w)(p —w)},

noting that (1 — v) and (H(ro) + ¢[1 — H(ro)]) are exogenous to the firm. The first order

condition can be written as follows:'’ )
C w
=w” 1+ ————5~ 9
- [ wch(wc)} (2)
marginal ~ ~ _
revenue marginal
cost

The left-hand side is the marginal revenue from an employee. The right-hand side is the
marginal cost of hiring the worker in all the cases in which she will accept wages no less than
c
w®.
The wage choice, wg, is illustrated in the left panel of Figure 2. The x-axis plots the

2
17A sufficient condition such that w® is the unique maximizer is given by: ﬁ > d%éb)#@. This states

that the distribution H(b) is not more convex than the hyperbola defined by the firms iso-profit curves: ﬁ.

This is trivially satisfied whenever the density is weakly decreasing — for example, the uniform and Pareto
distributions as well as by the normal and logistic distributions when at least half of workers participate in
the labor force. The remainder of this paper focuses on the case where the second order condition holds.
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probability that a worker will accept a wage offer of w. From the firm’s perspective, this is
the labor supply schedule. The y-axis plots wages. We plot both the underlying distribution
of worker types and the labor supply schedule that the firm expects to face given the worker’s
participation threshold in gray hashed and solid, respectively. Note that the expected labor
supply schedule is rotated counterclockwise relative to the underlying distribution of worker
types around the probability that the worker is type 7o or less, H(r), creating a kink in
the labor supply curve. The angle of rotation depends on the probability, ¢, that the worker
searches when her value of leisure exceeds this threshold, 7.

We also plot the marginal revenue and marginal cost faced by the firm. As in the
typical monopsony problem, we find the optimal quantity of labor demanded, H(w®), at the
intersection between marginal revenue and marginal cost. Since we have assumed that the
firm is unconstrained by the worker’s expected participation choice the kink in the expected
labor supply curve falls to the right of the intersection of marginal cost and marginal revenue.

The wage and markdown are determined as in a normal monopsony diagram.

Interior solution such that ro < w

Suppose that the firm expects that the participation threshold is low enough that it is

binding. In this case:
w = argmax {[H (ro) + i[H (w) — H(ro)]](p — w)},

w

and the first order condition is given by:
H{(ro) + i[H(w) — H(ro)]

— w1 3
\]i./ v + z'h(zD)w ( )
marginal N — 4
revenue marginal

cost

Again, the left-hand side is the marginal revenue from an employee. The right-hand side
is the marginal cost of hiring the worker in all the cases in which she will accept wages no
less than w.

The wage choice, w, is illustrated in the right panel of Figure 2. Now we are considering
that the firm’s labor demand is greater than H(rg) and thus that the kink induced by the
rotation of the expected labor supply schedule relative to the underlying distribution of
worker types is binding. We again plot the marginal revenue and marginal cost faced by the
firm. At the quantity of labor supplied at the expected participation threshold, H(ry), the
marginal cost jumps due to the kink in the expected labor supply curve. Again, we find the
optimal quantity of labor demanded, H(rq) + i[H (w) — H(ro)], at the intersection between

marginal revenue and marginal cost.
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Corner solutions

Suppose that the constraint imposed by the expected participation threshold is binding and
it induces a corner solution (i.e., w = rg). This occurs if the marginal revenue strictly exceeds
the marginal cost when approaching the expected kink from below while the marginal cost

strictly exceeds the marginal revenue when approaching from above:'®

H(ro) H(ro)

p>rg+—— and p<rg+-——+.

h(ro) ih(ro)
What remains is to find the lowest expected participation threshold such as the firm
prefers to hire weakly more than H(rg). In other words, the lowest participation threshold,

r%, for which the corner solution is consistent must satisfy:
p=rt+ M
ih(rl)’

Figure 3 plots the range of participation thresholds for which the corner solution is
optimal for the firm. The left panel plots the smallest threshold such that quantity of labor
demanded coincides with the quantity supplied at the expected participation threshold:
ro = r¥ = w’. The right panel plots the largest threshold such that quantity of labor
demanded coincides with the quantity supplied at the expected participation threshold:
ro = r® = w®. The center panel plots a generic corner solution when r* < 7y < r and the
strictly prefers to more than H(ry — €) and strictly less than H(rg + ¢) for arbitrarily small

E.

F F
18Formally, taking the derivative from the left, lim,, ., %ﬁj’”’), and from the right, lim, ., W,

respectively. A particularly useful form of representing the firm’s best response is that the wage is a markdown

from the marginal cost of labor, the markdown is given by the elasticity of the expected labor supply faced
C C
by the firm. That is, expression (2) can be written as P—z— = w@}jfwg) = %, where ' is the elasticity

of the expected labor supply curve in the region below the firm’s expectation for the worker’s participation

threshold. Notice that, n! = 7, where n = %% denotes the elasticity of labor supply with respect to wages

would pertain if the worker participates for all values of b. Manipulating equation (3) one can show that,

hiring in this side of the market, the monopsony markdown is equal to % = H(TOH_%&Q;H(TO)]

= L where
n

n' is the elasticity of the expected labor supply curve above the kink. Note that 7’ = n%
In other words, the markdown just above the kink market exceeds the markdown that the firm would
choose if it were not constrained by the expected participation threshold. Notice also that, when i < 1, the
elasticity of the expected labor supply with respect to the wage at the expected threshold is discontinuous:
n'(rd) < n*(ry) and there is a jump in the marginal costs at the kink stemming from that discontinuity.
For a given 7y the size of the jump in the marginal cost depends on i, fraction of the time that the worker
draws b > wq and searches for work: when the worker always searches then the marginal cost is smooth; and

when all workers with b > wg non-participate, the marginal cost of hiring greater than H(rg) is infinite.
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Figure 3: Optimal Wage Choice at Corner Solutions.

Lower Corner Generic Corner Upper Corner
j = c c
g 2 g g 2 8 g 2 g
S Q =3 S Q > 3 Q >
g 2 2 H = a g > 2
S (7] S (7] S S (7] =
= 17} = 7] 5 1%}
8 a 3 a 8 o
S g S g S g
g8 F g8 8 F
o = o o 3 —
@ g @ 2 @ 2
o =4 o =4 o r=y
Marginal Revenu ! o Marginal Revenue X o Marginal Revenue 5 o
P — P pMarginal w - D —
’U)C
w
L X X P
w & 12 &
S S, Y
Y & 9
@ > @
S S, N
1 1 1
H(TL ) participation H(To) participation H(TC ) participation

Note: The left panel illustrates the smallest threshold such that the firm prefers to hire H(rg). The
right panel illustrates the largest threshold for which the firm weakly prefers to hire H(rg). The center
panel illustrates a generic corner solution.

We can now write the firm’s wage best response (i.e., wage posting strategy) as follows:

w o ifrg <k
w*(we) =< ry ifrg € [rL, rC] (4)

w® if rg > r°.

Lemma 2. For all expected participation thresholds, o, in the interval [r* r] the game

exhibits positive spillovers and strategic complementarities for the firm.

Proof. Whenever the marginal searching worker would accept the posted wage offer an
increase in participation increases the pay-off to the firm (positive spillovers). Moreover,
L ,.C

]

whenever r € [r", an increase in the participation threshold increases the optimal posted

wage strategy of the firm (strategic complementarity).' O]

3.3 Rational Expectations Equilibria

Definition 1. A rational expectation equilibrium of the two-player game is a pair—

wage and participation threshold—such that wage and participation threshold are mutual best

YFormally, % =(1-v)(p—w) h<[’;}((1r)*+i>i<(j<i;jé<ﬁ”2”) > 0 whenever w > rg and % =1 > 0 whenever
re [k ro.
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Tesponses.

In other words, in any rational expectations equilibrium both worker’s and firm’s expec-

tations must be self-confirming: r* = ry and w* = wy.

Proposition 1. For i < 1, a continuum of equilibria exists on the interval [w”, w®],

with higher welfare for higher wage levels.

Proof. Suppose the worker expects wages to be wy. Her best response is to set a participation
threshold such that r* = wg. If this expectation is consistent with an equilibrium then it
must be the case that the firm’s best response is to confirm the expectation by setting a low
wage such that w* = r* = wy. This action will be consistent with the firm’s strategy as long
as wy € [wk, w].? Since we have already shown that both the firm and worker face positive
spillovers and strategic complementarities on this interval, the welfare ranking result is a
straightforward application of Lemmas 1 and 2 and Cooper and John (1988) Proposition 5.
O

Figure 4 illustrates the best response function of the worker (hashed) and the best re-
sponse of the firm (solid). These are mutual best responses on the 45 degree line from
(rf,wh) to (r¢, w®). Note that as i approaches 1, w” approaches w® and the equilibrium
set collapses to a unique equilibrium. This equilibrium is constrained efficient and coincides

with the equilibrium found in Diamond (1971).

Robustness

Note that if there is non-zero probability that wage offer exceeds the worker’s expectation,
then the worker’s threshold must be raised to exceed the support of the distribution of pos-
sible wage offers. At this point, one might be tempted to impose an equilibrium refinement
with a “trembling hand” flavor, as in Selten (1975). If there is any chance that the firm’s
hand “trembles” and it may make a mistake in some off-equilibrium path and post a high
wage, such a consideration could be used to rule out all equilibria other than the constrained
efficient. This consideration is a valid criticism of our two-player game. However, we have
devised this simply to illustrate clearly the minimal assumptions that drive results in our
model. In the full labor market that we present in Section 5, one can see that such a refine-
ment is less plausible as it would require not just that a single firm’s hand “trembles” but
that a discrete mass of firms all simultaneously mistakenly play an off-equilibrium wage. We

suggest that such a deviation from equilibrium is too implausible to impose as a refinement.

201t is easy to construct an analogous example illustrating that (off equilibrium) expectations above w®

or below w’ are not confirmed.
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Figure 4: Mutual Best Responses.
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Note: The Firm’s and Worker’s strategies are
mutual best responses for an interval of wage and
participation thresholds on the on the 45 degree line
from (rf, w’) to (r¢, w%).

Animal Spirits

The stylized two player representation of the labor market can be used to generate endoge-
nous business cycles. Consider that the worker and firm may experience a spontaneously and
coordinated change expectations—for instance, due to a sunspot—such that the equilibrium
shifts from a low wage to a high wage. From Proposition 1, we can infer that this shift will
be attended by an increase in employment and an increase in output. Thus we can generate
business cycles motivated purely by the “animal spirits” of market participants. However, we
find such cycles unsatisfying. In particular, such spontaneity has no dependence on history
and thus can-not explain why contraction is quick relative to expansion.

All these considerations lead us to prefer instead to investigate the potential there may
be a degree of rigidity in wages and participation with respect to productivity shocks. Pro-
ductivity shocks that are large enough to induce wage and participation revisions that may

lead to long-lasting changes in expectations.?!

21Further, when we embed the model in a two-sided frictional labor market in Section 5 we will see
that without further assumptions cycles driven by sunspots may produce unemployment dynamics that are
contrary to the data. Meanwhile, expectation shifts driven by realized productivity shocks are consistent
with both the “jobless” and “wageless” phases of recovery observed in the data.
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Priming the Pump

A straightforward implication of Proposition 1 is that a policy-maker empowered with either
the power to set a minimum wage or require participation could increase welfare by appropri-
ately levering her instrument. While welfare-improving policies are interesting to consider,
we focus our paper instead on the positive implications of the existence of these multiple
equilibria. We turn now to demonstrating that the two-player game exhibits rigidity and

hysteresis.

4 Productivity Shocks, Rigidity, and Hysteresis

We have established the existence of a continuum of equilibria. We now consider the impli-
cations in the context of productivity shocks. In particular we compare equilibria before and
after the arrival of shocks. Since the two-player game considered both before and after the
shock is a single shot game, there is no need to distinguish between expected and unexpected

shocks.??

4.1 Endogenous Rigidity

Assumption 2. No player deviates from an existing wage and participation threshold pair

unless unilateral deviation is the best response.

Under this plausible assumption, the model predicts that there is a range of values for

labor productivity over which both wages and participation are endogenously rigid.

Proposition 2. Given an initial wage and participation threshold, {wg, 1o}, these values are

endogenously rigid for a range of labor productivity, [p*, pf'], where

H (wy)

H(wo) pH(

P (wo) = wo + wp) = wo +
Proof. The proof follows from considering the first-order conditions of the problem of a
firm and worker. In this interval, no player has an incentive to unilaterally deviate. This is
essentially a corollary to the existence of the interval of equilibria on [w*, w®] for any given
productivity level. See Proposition 1. O

For i € (0,1) this range of inactivity is depicted in Figure 5. The figure presents the

firm’s monopsony problem constrained by the participation threshold as in Figures 2 and 3.

22When we consider a frictional labor market in Section 5, we will discuss the extent to which the expected
distribution of shocks is orthogonal to player’s strategies.
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Figure 5: Endogenous Rigidity.
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Note: The firm’s monopsony problem constrained
by the participation threshold as in Figures 2 and 3.
The red shaded region highlights the range of
productivities for which wy is in the set of equilibria.

For productivity in [p¥, p¥], we see that the intersection between marginal cost and marginal

revenue is at H(wp) and consistent with wage wy and participation threshold rq.

Endogenous Rigidity and the Barro (1977) Critique

Barro (1977) suggests that any price rigidity that rules out a rent-producing trade is implau-
sible. In addressing this criticising, it is useful to dissect rigidity in our model into ex-ante
rigidity (before meeting the worker) and ex-post rigidity (after having met the worker). The
firm in our model is free to choose any wage ex-ante (there are no menu costs). In this sense
our rigidity is impervious to the Barro (1977) critique. Still, in equilibrium ex-ante posted
wages are at times non-responsive to fundamentals due to coordination failure and, from
Proportion 1, we know this has a welfare effect.

On the other hand, the firm in our model experiences ex-post wage rigidity. We model
wages this way in order to capture an informational asymmetry between worker and firm: the
firm does not know and cannot learn the worker’s value of leisure. A typical critique of wage
posting, in the vein of Barro (1977), is that in the sub-game in which a rent-producing match

is ruled out, the informed party should reveal her type and bargaining should commence.??

23This criticism is valid for any model of monopolistic pricing: given the flexibility, the monopolist would
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However, in the limiting case of our model as i falls to nil, this suspect sub-game never
occurs, since the worker only searches if she will accept posted wage and all matches are
consummated. Although ex-post wage rigidity never binds and ex-ante wages are flexible,
wages are endogenously rigid on a vast region of values for labor productivity: for all re-
alizations of productivity above p;, wages remain unchanged and for shocks that return p
in this region, wages are endogenously rigid. In other words, this limiting case eliminates
the sub-game that is the source of criticism but leads to the largest possible range of the
fundamental for which wages are rigid in our model.

This limiting case, however, provides results that are too strong for our purposes: sub-
jected to shocks, an economy in which the worker always chooses non-participation when
her value of leisure exceeds the expected wage will eventually converge to zero participation,
zero employment, and zero output. We take an intermediate value of i, allowing ¢ € (0, 1),
in order to admit the possibility of macroeconomic recovery following contractions. When
we have ¢ > 0 we are partially subject to Barro’s criticism in the sense that ex-post some

t24

rent producing matches are ruled ou We turn now to analyzing equilibrium revisions for

intermediate values of 3.

4.2 Hysteresis

Assumption 2 imposes that the equilibrium wage-labor force participation pair changes only
when productivity evolves in such a way that the existing pair is no longer in the set of
possible equilibria. At such a point the pre-existing wage and participation pair constitute a
disequilibrium. Thus we require a protocol for equilibrium revelation given the observation
of some disequilibrium.

We consider Cournot tatonnement as a plausible equilibrium revelation protocol.

Definition 2. A Cournot tatonnement is a sequence indexed by k = 1,2,... such that
{wo, o} € [b,0]%, and {wy, e} = {w*(rp_1),7*(wi_1)} is the simultaneous best-response of
the firm and worker at iteration k to the k — 1 value of the wage and participation threshold,

respectively.

The Cournot tatonnement reveals the new equilibrium if there exists some £ for which wy, and

always prefer to price discriminate and price discrimination is more efficient than monopoly pricing.

240f course, if negotiation is allowed in this sub-game, there will be cases when a mutually beneficial deal
can be struck. Further, if such negotiation is permitted this will be known by workers and, as a result, beliefs
consistent with inactivity will be difficult to support (at least at the threshold for participation predicted in
the baseline model). One solution to this sub-game that preserves our results is to assume that workers can
trigger bargaining if they wish. If they do their bargaining power is zero. The result is that workers with
b < ro = wo will never trigger bargaining. Workers with b € (wo, p] may, and if they do they will receive
wages equal to their value of leisure: so, they won’t care if they do or don’t bargain.
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r are mutual best responses. Note, while the Cournot tatonnement is iterative it is indexed
by layers of rationality—e.g., how many best-responses to best-responses each player must
compute before convergence. We are agnostic as to the relation between number of iterations
required to archive convergence and the calendar time elapsed and consider instead serial
equilibria in the following results regarding comparative statics. As already noted, shocks
that result in p € (p*(wo), p” (wp)) trigger no player to unilaterally deviate and the Cournot

tatonnement converges in the first iteration.

Lemma 3. Given any shock to labor productivity, p, such that p > b, the ensuing Cournot
tatonnement converges to an equilibrium. Further, positive (resp. negative) shocks lead to

weakly positive (resp. negative) wage and threshold innovations.

Proof. 1) The optimal posted wage conditional on a fixed expected participation threshold is

weakly positively dependent on productivity, W > 0. This enables the initial deviation

from an existing equilibrium. 2) The optimal threshold conditional on a fixed expected wage

is independent of productivity, _d”*(di;’)oap)

on the worker’s best response function while odd iterations fall on the firm’s. 3) Posted

= 0. Thus, following any shock, even iterations fall

wages exceed the threshold everywhere to the left of equilibria, w(ry) > ro; posted wages
fall short of the threshold everywhere to the right of equilibria, w® (7o) < ro; and 7*(wy,) is
positive monotone. Thus, each iteration raises r*(wy_1) if wr_; < w’ and lowers r*(wy_1) if

w1 > wC. 4) Finally, w*(rg) is positive monotone for ry > r¢. Thus, whenever wy > w®

L

we have monotone convergence from above to w® and whenever wy, < w” we have either

monotone convergence from below or there exists an iteration in which w*(ry) > w® after

which we have monotone convergence from above. 5) Whenever the second order condition,

ﬁ > %#@, holds we have monotone convergence from below to w* € [w’, w]
w® is only attainable if 7o = b. In other words, efficiency is only attainable if the pre-shock

where

market was in collapse. Note that this second order condition is identical to that required
for the unconstrained monopsony’s problem to have a unique solution. O

The left panel of Figure 6 illustrates the firm and worker’s best response functions before
and after a negative productivity shock large enough to render p~ < p¥. The blue dotted
line represents the workers best response function both before and after the shock. Note that
the workers best response function is independent of productivity. The red lines represent
the firm’s best response function before (solid) and after (dashed) the productivity shock.
The negative productivity shock weakly decreases the wage that the firm is willing to pay
for all participation thresholds. In particular, the illustrated shock is large enough to render
wo > w*(ro|p~). Thus, a Cournot titonnement commences from {wg,ro}. We label this as

ko. In the first iteration of the Cournot tatonnement the worker best responds to wg with
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Figure 6: Equilibrium Revelation Following Large Productivity Shocks.
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Note: The left panel illustrates a negative productivity shock and the right panel a positive
productivity shock. Hashed lines indicate post-shock schedules. Iterations of Cournot tatonnement
induced by the productivity shock are indicated as the points labeled kg, k1, and ks. As before, for ease
of illustration we take H(b) to be uniformly distributed on [b, b].

ro = 7*(wp|p~) and the firm best responds to 9 with w*(ro|p~) < wy. We denote this set of
actions as kj. Note that ro and w*(r¢|p~) are not mutual best response. In a second iteration
the worker’s best response function now dictates a deviation from k; and the worker best
responds to w*(ro|p~) and sets her participation threshold at r*(w*(ro|p~)) < 9. Meanwhile
the firm again best responds to ry with w*(ro|p~). We denote this set of actions as ky. One
more iteration reveals that the actions specified by ko are an equilibrium given p~ and the
Cournot tatonnement converges in three iterations.

The right panel of Figure 6 illustrates the firm and worker’s best response functions before
and after a positive productivity shock large enough to render p* > p. The blue dotted line
again represents the workers best response function both before and after the shock. Again,
the workers best response function is independent of productivity. The red lines represent
the firm’s best response function before (solid) and after (dashed) the productivity shock.
The positive productivity shock weakly increases the wage that the firm is willing to pay
for all participation thresholds. In particular, the illustrated shock is large enough to render
wo < w*(ro|p*). Thus, a Cournot tatonnement commences from {wg,79}. We again label
this as kg. As with the negative productivity shock, in the first iteration of the Cournot

tatonnement the worker best responds to wg with rg = r*(wg|p™). Meanwhile the firm best
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Figure 7: Persistent Response to Transitory Productivity Shock.
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Note: At time 0 the economy is at steady state at wage level wg. At time 1 a negative productivity
shock hits rendering p; < pp < po and inducting a negative revision in the wage to w; < wyp as firm’s
restrict hiring. The shock is temporary and at time 2 the pre-shock productivity level returns: ps = pg.
Despite recovery in the fundamental, however, wages remain depressed: wg > we = wy.

responds to ro with w*(ro|p*) > wy. We denote this set of actions as k;. Again, note that rq
and w*(ro|p™) are not mutual best response. In a second iteration the worker’s best response
function now dictates a deviation from k; and the worker best responds to w*(rq|p™) and sets
her participation threshold at r*(w*(ro|p™)) > ro. Meanwhile the firm again best responds
to ro with w*(ro|p™). We denote this set of actions as k. One more iteration reveals that
the actions specified by ko are an equilibrium given p™ and the Cournot tatonnement once

again converges in three iterations.

Proposition 3. A transient productivity shock leads to persistent changes in wages, par-

ticipation, and output.

Proof. We construct a proof by example and illustrate in Figure 7. The left panel depicts
an equilibrium at time 0 in which productivity is within some inaction range. Wages and
participation are at levels wy and H(wy), respectively. At time 1, a shock arrives such that
productivity at time 1 is outside and below the time 0 inaction rage. Lemma 3 guarantees
that wages and participation fall to wy < wp and H(w;) < H(wp) respectively. A new
inaction range is established following the shock. Figure 7 illustrates that it is possible
that the two inaction ranges overlap and, indeed, that pg may fall inside the new inaction

range. At time 2 productivity recovers to the pre-shock level: p, = pg. However, when
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Figure 8: scarring Effects of Contractions
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Note: At time 0 the economy is at steady state at wage level wg. At time 1 a negative productivity
shock hits rendering p; < pp < po and inducting a negative revision in the wage to w; < wyp as firm’s
restrict hiring. The shock is temporary and at time 2 the pre-shock productivity level returns: ps = pg.
Despite recovery in the fundamental, however, wages remain depressed: wy > ws > w; since firms are
constrained by the lower participation threshold induced by the shock.

recovering from the shock, the firm is constrained by the shock-level participation threshold
and associated inaction range. Due to Assumption 2, wages and participation do not rebound

when productivity rebounds. O

Proposition 4. Transient productivity shocks may lead to scarring. That is wages, par-

ticipation, and output pruning below pre-shock levels.

Proof. The proof follows from noting that during the contraction the firm’s optimization
problem coincides with an unconstrained monopsony, equation 2, while during expansion the
firm’s optimization is constrained and follows, equation 3. Further w(rg) < w® whenever
1o € (b,w") whenever the second order condition p% > dQ;ZQ(b)

b
coincides with the condition required for a unique w®. Note that Lemma 3 guarantees

#(b) holds. This condition
c

convergence to an equilibrium following each shock and that the conditions noted are those
required for convergence to w* € [w’, w®). Further, from Proposition 1 we can establish that,
since wages and participation are larger in the pre-shocks equilibrium than the post-shocks,
equilibrium output must also be larger. O

Figure 8 illustrates, the scarring effects on wage and participation. The left panel depicts
an equilibrium at time 0 in which productivity is within some inaction range. Wages and

participation are at levels wy and H (wy) respectively. At time 1, a shock arrives such that
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productivity at 1 is outside and below the time 0 inaction range. As a result wages and
participation fall to w; < wy and H(w;) < H(wp) respectively. A new inaction range is
established following the shock. As discussed in Figure 7, it is possible that the two inaction
ranges overlap and, indeed, that py may fall inside the new inaction range. Figure 8 displays
that it is possible that py may also fall outside and above the new inaction range. At time
2 productivity recovers to the pre-shock level: ps = pg. However, when recovering from
the shock, the firm is constrained by the shock-level participation threshold and associated
inaction range. As a result, wages and participation do not fully rebound when productivity
rebounds. Further, from Proposition 1 we can see that output and welfare are larger in the

pre-shocks equilibrium than the post-shocks equilibrium.

5 A Two-Sided Frictional Labor Market

We embed this stylized game in a frictional labor market that is endowed with appropriate
features to justify the assumptions of our two-player game. In the two-player game we
assumed that the probability of a worker (firm) meeting a firm (worker) is exogenous to
that player’s strategy. Here, this assumption is micro-founded by the assumption that every
agent is atomistic. Thus, the equilibrium job finding and filling hazards are exogenous to
each worker’s and each firm’s strategy. In the two-player game we also assumed that the firm
holds monopsony power and posts wages ex-ante. Here, as Diamond (1971) shows, sequential
random matching endows the firm with this monopsony power and the monopsony wage
level prevails even in the limit as search friction fades. Finally, in the two-player game we
assumed no continuation payoffs. This is justified in the two sided game by the observation
that Diamond (1971) guarantees a degenerate wage distribution, and thus no option value
of search for the worker and free entry drives the value of a vacancy to zero for the firm.

In the Appendix, we present the Bellman equations associated with each worker’s and
each firm’s decision problem. These yield participation and wage posting strategies that are
identical to the two-player game up to the scaling of the fraction of unemployed who will
not accept the going wage offer 2. The best response of workers is a participation threshold
strategy as in equation (1), and the best response of firms is a wage posting strategy as in
equation (4), where i is replaced by ¢ = i/4 and @ is the equilibrium unemployment rate of
worker who will accept the equilibrium wage offer.

We close the model by positing a standard matching function as in the DMP model. Firms
post vacancies at flow cost, ¢ and workers engage in search at zero cost. Both discount the
future at rate p. As in the baseline DMP, the flow of new matches is determined by the

matching function, denoted as m(U, V'), where U is the mass of unemployed workers and
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V' is the mass of vacancies. Imposing Inada conditions and constant returns to scale, the

job-finding rate of unemployed workers, f(0) = 2 = m(1, 0), is increasing and concave in the

U
market tightness defined as the ratio of vacancies to the unemployed, 6 = % Analogously,
the rate at which vacancies meet unemployed workers, ¢(0) = 7 = @, is a positive and

decreasing function of market tightness.””

Note that since we have assumed random matching, the matching rate of a worker with
a high flow value of leisure and a low flow value of leisure are the same whenever they
participate in the labor market. Thus, the mass of workers who search for work but will
reject wage offers of w*, i(1 — H(w")), are just as likely to meet a firm as the 4H (w*)
mass of workers who are unemployed and will accept wage offer w*. Since the i(1 — H(w"))
mass of workers reject the wage offer whenever they meet a firm the vacancy filling rate is
g(0) = %, where A(w*) = H(w*)z((ju:f[ ) is a measure of the severity of the congestion
imposed by workers with leisure value above the equilibrium wage level searching for work

while at the same time rejecting all offers. A = 1 occurs when workers with flow value
of leisure above the expected wage offer never search and is the case when congestion is
minimized. For ¢ > 0 we have A > 1 and congestion drives a wedge between the rate at
which vacancies meet employees and the rate at which jobs fill. For + < 4 we have a kink in
the labor supply curve as in the two-player representation.

Given the wage, free entry into vacancy creation pins down the labor market tightness

as the value of a vacancy is driven to zero. Thus equilibrium tightness satisfies:

cA(w*)  p—w*

0 pre ©)

Conditional on a participation threshold, the job creation condition is downward sloping.?®
Since the wage schedule is flat, this guarantees a unique equilibrium tightness for every
productivity and wage pair.

From equation 7?7 we can see that there are two sources of amplification in our model.
The first is the proximity of p to w*, as highlighted by Hagedorn and Manovskii (2008). The
second is the elasticity of A with respect to w*, which is new. The second sources captures

the change in congestion following a wage revision, which is also a source of propagation.

25Tt is important to note here that our model differs in an important way from the classic model of
upward sloping labor demand: Diamond (1982). In that model, multiplicity derives from a thick market
externality generated by increasing returns to scale in the matching function. In our model, multiplicity
derives from a pair of externalities, a thick market externality derived from workers’ participation decision
and a pecuniary externality derived from firms’ wage posting decision. We follow the main-stream DMP
literature and impose constant returns to scale on our matching function. We appeal to the empirical results
summarized in Pissarides and Petrongolo (2001) to justify this assumption.

26To see this note that % < 0 and % > 0.
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In Section 6 we show how these forces can combine to create a “jobless” and a “wageless”
state following a transitory contraction. In Section 7 we exploit this intuition to identify key

parameters of the model.

Definition 3. A symmetric rational expectations equilibrium of the frictional labor

market is a triple — wage, participation threshold, labor market tightness — such that:
1. the wage and participation threshold are mutual best responses.
2. labor market tightness satisfies the free entry condition, equation (5).

Note that all firms (resp. workers) face the same objective function and we have restricted
our attention to equilibria that are symmetric in the sense that every firm (resp. worker)
plays the same strategy as every other firm (resp. worker). Thus our equilibria, rigidity, and
convergence results from the two-player game naturally extend to the two sided frictional
labor market.

Finally, we pin down the unemployment rate. In steady state, the flow into and out of
unemployment for the subset of workers who will accept offer w* must be equal. Since job
destruction is an exogenous shock that arrives with Poisson arrival §, we have 1 = m.
Also note that a mass equal to i[l — H(w*)] are perpetually unemployed. Finally, the total

mass of labor force participants is H(w*) + i[1 — H(w*)]. Thus we have the steady state
aH (w*)+i[l—H (w*)]
H(w*)+i[1—H (w*)] ~
The slope of the job creation condition, equation (5), depends on congestion. For a given

unemployed rate u =

wage, more congestion implies a steeper job creation condition and therefore a looser labor
market. This follows from the decrease in the expected value of a vacancy when there is
an increase in the probability of meeting a worker who will reject the wage offer. Since

congestion lowers the value of a vacancy, fewer are produced.

6 “Jobless” and “Wageless” Recoveries

The effect of congestion on market tightness is illustrated in Figure 9. In the left panel we plot
a market in which the fraction of workers who search even when the expected wage, 7, falls
short of the value of leisure is higher than in the right panel. Consequently, for any wage level
congestion is higher in the left panel than the right, this is reflected in the steeper slope of the
job creation conditions in the left panel than in the right. Comparing 0% (resp. 67) across
panels we can see that higher congestion implies lower labor market tightness conditional
on the wage level. Higher 7 increases the steady state unemployment rate. This can be

decomposed into two effects. The direct effect is that the mass of perpetually unemployed,
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Figure 9: Wage Effect (W E) and Congestion Effect (C'E).

Congestion Effect Dominates Wage Effect Dominates

0~ 0F tightness ot 9~ tightness

Note: Job creation is a downward sloping curve pinned down by the free entry condition, equation (5),
while the wage is a horizontal line pinned down by the posted wage. Thus we are guaranteed a unique
labor market tightness for every wage and productivity pair. An increase in congestion rotates the job
creation condition clockwise. The left panel illustrates equilibrium labor market tightness at a high
wage (solid) and low wage (hashed) equilibrium and when the congestion effect is large relative to the
wage rigidity effect. The right panel illustrates the converse.

i[l — H(w*)], increases. The indirect effect is that the mass of unemployed who are willing
to work at the equilibrium wage, uH (w*), increases since congestion reduces the value of a
vacancy and loosens the labor market.

Decreasing the wage from w™ to w™ also increases congestion since the mass of searching
workers who will not accept the wage offer rises from i[1 — H(w™)] to i[l — H(w™)]. This
mechanically increases the fraction of workers who are voluntarily unemployed. However,
the effect on the unemployment rate of workers who will accept the wage offer w™ and on the
overall unemployment rate is ambiguous. If the increase in congestion triggered by moving
from the high wage to the low wage equilibrium is large enough, then unemployment will
be higher in the low-output equilibrium. This is illustrated in the left panel: the congestion
effect (labeled C'E) is larger than the wage effect (labeled W E). If the increase in congestion
is mild, unemployment among workers who will accept w® falls and the drop may be sufficient
to offset the rise in unemployment among the perpetually unemployed, with the total effect

being a drop in overall unemployment. This is illustrated in the right panel: the congestion
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effect is smaller than the wage effect.?”

Referring to Proposition 1, we note that output under w™ and w™ can be ranked with
output under wt exceeding that under w=.2® We see that unemployment and output move
in opposite directions only when the congestion effect is severe enough. Thus, without
knowledge of the magnitude of the congestion effect the relation between fluctuations in un-
employment and output is ambiguous, and we fail to consistently generate satisfying business
cycle regularities, such as counter-cyclical unemployment, simply from animal spirits.?’

This seemingly undesirable ambiguity actually works to our benefit and enables us to
generate instances of both “jobless” and “wageless” phases of recovery from productivity
contractions—that is, a period during which unemployment remains elevated even after pro-
ductivity has recovered and a phase during which unemployment falls below pre-contraction
levels while wages remain depressed. Joblessness operates through the increase in conges-
tion induced by the fall in the participation threshold during a severe contraction. Wage-
lessness operates through an increase in the wage effect induced by persistence of the lower
severe-contraction wage level beyond the duration of the disturbance. When the increase
in congestion is not particularly severe, wagelessness may dominate throughout a recovery.
However, whenever the drop in the participation threshold is severe enough to trigger a job-
less recovery, joblessness will occur during the early part of the recovery and will be followed
by a period during which unemployment falls to unprecedented lows while wages continue
to lag: a "wageless” phase.

Figure 10 illustrates. The first two panels illustrate a steady state at time 0. The firm’s
wage setting problem is illustrated in the left panel and the job creation condition in the
right. At this pre-shock steady state, wages, participation, and labor market tightness are
wq, Hy, and Oy, respectively. The economy is then hit by a shock that lowers productivity to
p~, a value below the pre-shock inaction range. This is illustrated in the second set of panels.
As a result of the shock, wages and participation fall to w™ and H~. Labor market tightness
also falls. The drop in labor market tightness is the result of three forces: the drop in
productivity, an increase in congestion due to the drop in the participation threshold, and a
drop in wages. The first two clearly push tightness down. That these dominate the third is a
result of firms’ optimization over wages. Note that a fall in labor market tightness implies an

increase in unemployment even among searchers who will still accept the new, lower, wage:

2TTo see that this case exists for every parameterizations of H(b), m(U, V), p, and ¢ for which there are
equilibria, consider the limit as i \, 0 or the limit as w~ " w+ for fixed i.

Z8Whenever both are candidate equilibrium: w € [w’ w®] and w™ € [w’, w

29 As noted previously, the model could be used to create economic fluctuations via coordinated changes in
expectations (i.e., animal spirits). For such fluctuations to match a basic business cycles fact—countercyclical

unemployment—we would need to impose that congestion is large enough.

C].
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Figure 10: “Jobless” and “Wageless” Recoveries.
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Note: (Panel A) The economy begins at steady state at wage level wg. (Panel B) A negative
productivity shock hits rendering p~ < py and inducting a negative revision in the wage to
w~ < wy and in labor market tightness to #~ < 6y. The shock induces a clockwise rotation
in the job creation condition as the decrease in the wage offer increases congestion. (Panel C)
Productivity recovers to pg but wages remain depressed at w™ < wg. The congestion effect
dominates the wage effect and market tightness also remains depressed at 67 < . (Panel D)
Productivity overshoots, p™ > pg and wages recover the initial level, wy. Congestion
dissipates when wages recover, isolating the wage effect, and we have 8" > ;.
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match efficiency has fallen and the Beveridge curve has shifted outward. Unemployment
increases further due to an increase in the share of workers who search but will not accept
employment, i[1 — H(wy)], increases to i[1 — H(w™)].

The third set of panels illustrates wages, participation, and labor market tightness if the
economy is subsequently hit by a productivity shock that returns productivity to the pre-
shock level. From Proposition 3 and Proportion 4 we see that wages and participation may
not fully recover despite the recovery in productivity. As a result, labor market tightness
rises. Now tightness is a result of two of the three forces: the increased in congestion due
to the lower participation threshold and the lower wage level. As was illustrated in Figure
9, it is possible that the congestion effect dominates the wage effect. In this case, both
the mass of unemployed who will accept and who will not accept the equilibrium wage offer
remain elevated. In particular, congestion from the searching workers who will not accept the
equilibrium wage offer increases the unemployment rate of those who will: match efficiency
remains low and the Beveridge curve shifts outward. We have a jobless recovery.

The final set of panels illustrates the productivity shock required to return the economy
to the pre-shock wage level following the contraction. When wages and participation recover
to the pre-shock level so too does the magnitude of the congestion effect and the mass of
workers who search but will not accept wage offer wy. However, due to the asymmetry
induced by the inaction range, the productivity level required to return the pre-shock wage
level exceeds the pre-shock productivity level. Thus, labor market tightness in the period in
which wages and participation recover must exceed the tightness experienced just before the
impact of the first shock, since all that remains from the contraction is the wage effect. Thus,
we have that at least the end phase of each recovery from any contraction severe enough to
yield a downward revision in the wage must be wageless. Thus, every jobless recovery must

be followed by a wageless recovery.

7 How Much Room is Left to Run?

The purpose of this section is to use our model to discuss its implications for the unem-
ployment rate during the latest recovery phases. Our model predicts that unemployment
must fall below pre-shock levels before wages recover to pre-shock levels. Quantitatively,
how far below? Here, we describe how to identify key parameters of our model given 1) a
shock in which participation falls followed by 2) a jobless recovery. We then simulate the

unemployment rate predicted to arise when wages and participation recover.
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7.1 Identification

In general, since our model exhibits multiplicity, identification is challenging. A continuum
of equilibria are consistent with a given set of fundamentals; thus, observation of a given
equilibrium or sequence of equilibria may be consistent with an interval of parameter values.

However, identification can be achieved in certain situations by making three observations.

1. Given a severe enough negative productivity shock, the proposed equilibrium revelation
mechanism—Cournot tatonnement—predicts a unique equilibrium from the feasible set.
Importantly, such a shock generates an empirically observable flag: a decline in labor

force participation.

2. The difference between market tightness before a severe shock and after productivity
has recovered is in part a function of the change in the participation threshold, r*,
and the probability that a worker is voluntarily unemployed, 7. Thus, we can use
information about the change in participation and the change in tightness to help
identify the participation threshold and the probability of voluntary unemployment.
That is we compare the labor market tightness and associated unemployment rate
implied by Equation 5 prior to the shock and at the moment when productivity recovers

to the pre-shock level:

_1 [ cA(wo)(p +0)
1 < P —wo

) — 0(p.wy) = (CA(w‘)(p +9)

p—w-

) =0(p,w™),

H(w)+(1—H(w))
H(w)

recalling that A(w)

wage level w.

measures the congestion in the labor market at

3. What remains is to identify the firm’s surplus, p — w*(r*). Note that there are two
sources of amplification in our model-the wedge between productivity and wages and
the change in congestion associated with changing the equilibrium selection. We jointly
use the information about the change participation and difference in tightness between
the pre-shock and shock and between shock and recovery of productivity to attribute
amplification to the two sources. This provides the remaining variation needed to pin

down the firm’s surplus in the initial equilibrium.

Thus, data consisting of observations of unemployment and participation rate before,
during, and after a negative productivity shock severe enough to trigger a downward revision
in participation, along with severity of the shock itself are sufficient to identify the key

parameters of our model so long as the distribution of workers value of leisure—H (b)—can be
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described by two or fewer parameters. In the following, we take a local linear approximation

to H(b) which is equivalent to modeling it as uniform.

7.2 Data

We consider the two most recent contractions—the dot-com bust and the financial crisis—
both of which feature jobless recoveries.® We measure productivity as deviations from
GDP trend as identified by the filter proposed by Hamilton (2017).*! We then identify
six dates (three for each recession). The first four such identified dates—1999;Q1, 2003;Q3,
2005;Q1, and 2011;Q1l-feature nearly identical deviations of GDP above trend. At the two
remaining dates—2002;Q2 and 2009;Q1-GDP makes its maximum deviation below trend in
the respective business cycle episodes. The difference in detrended GDP between 1999;Q1
and 2002;Q2 is 3.8% and between 2005;Q1 and 2009;Q1 is 9.2%. These magnitudes may
seem large for relative to those derived using an HP filter, but are consistent with the series
reported in Hamilton (2017).

Next we construct the unemployment and labor force participation rates for workers with
1-30 years of potential experience who are not in school, ill or disabled using the Current
Population Survey basic monthly files and compute quarterly averages.*?

Observing that unemployment peaks roughly five quarters after the respective negative
productivity shocks we construct our vector of target moments as the unemployment and
labor force participation rates attained on average in the 4-7 quarters after each of the

aforementioned dates selected using the TFP series. These are summarized in Table 2.

7.3 Calibration

We calibrate the model by matching moments. A priori, we adopt a constant returns to
scale Cobb-Douglas matching function-m(U, V) = AU"V~"-and parameterizations for
the matching function, discount rate, separation rate, and vacancy cost from the literature.
Specifically we follow Barnichon and Figura (2015) and take n = 0.67; and follow Shimer
(2005) and take ¢, p, and ¢ to be 0.1, 0.012, and 0.231 respectively.

The remaining parameters—match efficiency, A, the linear approximation of H, and the

location of p within the interval [p%, p*] prior to the shocks—are calibrated to minimize the

30Gecular trends toward increased female labor force participation dissipated after 2001. Following this
date, male and female participation move together. Since there are no gender specific productivity measures
we restrict our attention to the recessions that have occurred since this synchronization.

31Bureau of Economic Analysis, Gross Domestic Product (GDP), https://www.bea.gov/data/gdp.

32U.S. Census Bureau, Current Population Survey, http://www.census.gov/programs-surveys/cps/data-
detail.html.
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Table 2: Calibrated Simulations.

Pre-shock Shock Recover p
dot-com 1999:Q1 2002:Q2 2003:Q3
data model data model data model

Labor Force Participation Rate 82.7 83.1 81.2 80.9 81.0 80.9

Unemployment Rate 4.1 4.1 6.3 4.8 5.5 4.2
Pre-shock Shock Recover p
Financial Crisis 2005:Q1 2009:Q2 2011:Q3

data model data model data model

Labor Force Participation Rate 81.2 821 80.2 79.6 79.7 794

Unemployment Rate 4.9 4.9 10.0 6.0 8.5 5.0
Sample: Workers with 1-30 years of potential experience who are not in school, ill, or
disabled.

Source: U.S. Census Bureau; U.S. Bureau of Economic Analysis; authors’ calculations.

Table 3: Parameters.

L A pos b b

dot-com 0.74 1.13 085 0.75 0.88
Financial Crisis 0.69 0.79 0.87 0.51 0.76

Fitted values minimizing squared deviations from the
three observed participation rates, the initial

unemployment rate, amplification
shock empl vent .
(SSRoct URempRoyIie” ) - and persistence
pre—shock unemployment /?
shock unemployment : :
(unemployment at recovery of productivity) underwelghtlng

the loss associated with missing the amplification
moment by a factor of 100.

sum of squared errors between model simulated moments and empirical moments. Specifi-
cally, the linear approximation to H is captured by two parameters: b such that H b)=20
and b such that H(b) = 1 where H is the uniform distribution that linearly approximates H
at the pre-shock wage and participation. We express the location of p within [p%, p?] as a
weighted average of p” and p and estimate as pos the weight placed on p’’.

We note several countervailing forces:

1. On the one hand, our model contains an amplification mechanism in the form of rigid
wages. Thus, if only amplification were targeted, a calibration in which the probability
of voluntary unemployment were very low and the initial productivity level were well
above the lower bound of the range of inactivity could easily match the data. However,

such a calibration predicts little persistence of the unemployment rate or perhaps an
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even more rapid rise than fall of the unemployment rate. The intuition of such a

calibration is illustrated in the right panel of Figure 9.

2. On the other hand, our model contains a propagation mechanism in the form of con-
gestion on the part of the voluntarily unemployed. Congestion is largest when many
workers with high reservations search; however, the higher is these workers’ probability
of participation then the smaller is the interval of equilibria and thus the smaller is
the wage rigidity. Thus, targeting propagation will tend to imply calibrations which

obtain less amplification due to wage rigidity.

We address these countervailing forces in our selection of loss function. We target squared

deviations from the three observed participation rates, the initial unemployment rate, am-

shock unemployment
pre—shock unemployment

dition, we acknowledge the difficulty in obtaining amplification in this class of models and

shock unemployment ) In ad-
unemployment at recovery of productivity /*

plification ( ), and persistence (
thus underweight the loss associated with missing the amplification moment by a factor of
100. Table 2 presents the participation and unemployment rates predicted by calibrated
models which target participation and unemployment data moments from the dot-com and

from financial crises. Table 3 reports parameter values obtained for each episode.

7.4 Results

Some items jump out immediately. First, the fit contains limited amplification. This, as
we have noted, is unsurprising as this is a variant of the DMP model. Additionally, it is
unsurprising since we have selected an objective function that underweights this amplifica-
tion. Adjusting the model to admit amendments that enhance volatility by reducing the
firm’s surplus produce similar results. The intuition is that these adjustments bind the wage
setting problem as well as the vacancy creation problem. In other words, small changes in
labor force participation in response to the observed productivity shocks rule out a very
small firm surplus in the wage setting problem. Thus, in the end, these model adjustments
lead to largely similar projections for the undershooting in unemployment commensurate
with wage recovery.®?

Second, and more interestingly, independently calibrated models call for similar values
of share voluntarily unemployed, ¢, but wildly different values of the matching efficiency, A.
This suggests a structural break in the value of the match efficiency around the time of the

financial crisis. This is a view that is consistent with the observations of Diamond and Sahin

33 An alternative is to admit discount rate shocks as in Hall (2017). Such shocks enter the vacancy creation
problem but not the wage setting problem and thus could increase the amplification in our model.
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(2015); Sahin et al. (2014) and Barnichon and Figura (2015) that match efficiency fell during
the financial crisis.

Third, calibrations imply wage levels at the onset of recessions between 60 and 75 percent
of productivity prior to the onset of crisis. This is, unsurprisingly, significantly lower than
the estimated implied by Hagedorn and Manovskii (2008) and follows both from the presence
of endogenous wage rigidity in our model and from the relative weight placed on matching
persistence. Still our estimate is significantly larger than that implied by Shimer (2005).
Indeed, our estimate is most closely in line with Hall and Milgrom (2008) and our relative
poor performance with respect to amplification indicates that our wage setting mechanism,
so calibrated, is relatively more flexible. Again, this is not surprising as our main objective

is to generate persistence and not amplification.

shock unemployment
unemployment at recovery of productivity

Forth, we match persistence, measured as ( ), quite well.
In the data, persistence stands at 1.15 and 1.18 for the dot-com and financial crisis respec-
tively. In the calibrated model we have 1.15 and 1.19 respectively.*® This is the goal of our

calibration.

7.5 Counterfactual Unemployment Rates

We turn now to projecting the level of productivity and associated unemployment rate that
would need to arise in order to return wages and participation thresholds to their pre-shock
levels. For the dot-com crisis our model suggests that overshooting pre-shock productivity by
2 percent is required to regain the pre-shock wage level. For the financial crisis the equivalent
figure is 3 percent. These imply unemployment rates of 4.0 and 4.8 percent compared to the
pre-shock rates of 4.1 and 4.9. While these undershoots seem modest they should be taken
in the context of a model which predicts very low volatility in the unemployment rate. A
back of the envelope calculation which divides these deviations by the shortfall in volatility
suggests unemployment rates of 3.0 and 2.8 might have needed to pertain after each of these

recessions respectively before wages and participation thresholds recover to pre-shock levels.

8 Conclusion

We have considered the possibility that when workers are faced with a labor market in which
the anticipated wage falls short of their outside option they may choose to not search. This

may induce a kink in the labor supply curve faced by firms. From this consideration, we have

34While respecting a sum of mean squared errors for the block of participation moments of 2.38E-5 and
1.27E-4, respectively.
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shown that a strategic complementarity between workers’ job search and firms’ wage posting
exists and leads to a continuum of welfare-ranked equilibria. We show that a correlate of
the existence of a continuum of equilibria is intervals of endogenous rigidity with respect to
wages and labor force participation.

We consider this framework in the context of productivity shocks and posit that neither
workers nor firms deviate from an existing wage and participation threshold pair unless
unilateral deviation is a best response. We then show that, in the event of deviations,
players can forecast opponents’ best response and learn the new equilibrium. Further, the
kink in the labor supply curve induces asymmetry such that wages and participation may
exhibit persistent responses to temporary shocks and that upward revisions in wages and
participation fall farther from efficiency than do downward revisions. These are features of
hysteresis.

We embed these intuitions in a model of a frictional labor market and show that such
a market can exhibit both “jobless” and “wageless” phases of recovery from productivity
contractions—that is, a period during which unemployment remains elevated even after pro-
ductivity has recovered and a phase during which unemployment falls below pre-contraction
levels while wages remain depressed. Joblessness stems from a congesting effect of search on
the part of workers whose outside option exceeds the equilibrium wage offer. Wagelessness
stems from asymmetric responses to shocks. In order to recover a wage level, the rebound
must overshoot the pre-shock productivity level and during such a rebound unemployment
consequently undershoots the pre-shock unemployment rate. A calibration suggests that the

required undershooting in unemployment could be substantial.
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A Value Functions in the Two-Sided Labor Market

We can write out the asset value equations faced by a generic worker:

pL(b,wy) = b
pU(b,wy) = b+ f(O)maz{0,[W(b,wy) — U (b, wo)]}
pW(b, wo) = wo+ 5[2/{(6» wO) - W(b7 wo)]

The first, Z(b, wy), captures the asset equation for an inactive worker with flow value of leisure
b. This worker simply consumes b.>° The second, U (b, wp), captures the asset equation for
a searching workers. While searching the worker consumes flow value b and at hazard f(9)
receive job offers which yield option value maxz{0, [W(b, wo) —U(b,wo)]}. The third, W(b, wy)
captures the asset equation for employed workers, these consume flow value wy and at hazard
0 are separated to unemployment.

We begin by solving for the generic worker’s reservation wage conditional on participating.
This sets the value of unemployment equal to the value of employment: W (b, wq) = U (b, wy).
Thus we have a reservation wage equal to this generic workers realization of the flow value
of leisure: b. In the event that wy exceeds b this worker anticipates higher value from
the employed state than the unemployed state: given the opportunity she accepts all wage
offers.*® If wy falls short of b then the worker anticipates lower value from the employed state
than the unemployed state: given the opportunity, she rejects all wage offers.

Now we turn to considering the threshold participation decision. We can observe that
if b < wy then the worker strictly prefers unemployment to inactivity and employment to
unemployment: (b, wy) < U(b,wy) < W (b,wy). Conversely, if b > wy then the worker
is indifferent between inactivity and unemployment and strictly prefers either of these to
employment: I(b,wy) = U(b,wy) > W(b,wy). Thus we have that whenever b < wy the
worker always prefers to participate and accepts employment whenever matched. Meanwhile
if b > wy the worker is indifferent between participation and non-participation and strictly
prefers not to accept employment whenever matched. As in the two player game we break

the worker’s indifference with Assumption 1.

35Note that in steady state this is independent of the wage level. When adding shocks we note that as long
as there is no barrier to reentering the unemployment pool following a shock the independence is preserved.

36 As we have seen in the two player game and will see again here, information frictions prevent the firm
from observing b and thus from setting w = b for each worker and extracting the full rent.
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We can also write out the asset value equations faced by a generic firm:

uH (w
pV(w,mo) = —c+q(0) H{wﬁro}uH(ro)H((l—)H(ro))

uH (r i[H(w)—H (r
(1 = Lwer)) “Siporisiog |17 (w,ro) = V(w, o)]

pJ (w,r9) = p—w+0V(w,re) =T (w,ro)]

The first asset equation, V(w, ), captures the value of a open vacancy. The vacancy costs
the firm a flow of ¢ and with hazard ¢() the firm meets and makes the posted wage offer
wy to a worker. The bracketed term follows the logic of the firm’s problem in the two player
game: higher wage offers are accepted by a larger fraction of the workers that the firm
might meet with the return to increasing the wage offer being discontinuous at the expected
participation threshold. The final term is the option value of forming a match. The second
asset equation, J(w,ry) captures the value of a filled job. This is the flow rent (p — w) and
the hazard of separation times the option value of separation.

We posit free entry into vacancy creation. This drives the value of a vacancy to zero. Thus
the firm’s objective function in the two-sided game is isomorphic to the objective function

of the firm in the two-player game.
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